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Why do curly tail lizards (genus Leiocephalus) curl their tails? An 
assessment of displays toward conspecifics and predators



















Animal	 display	 behaviors	 are	 used	 to	 convey	 specific	 messages	 to	 other	 animals,	
	including	 potential	 mates,	 rivals,	 and	 predators.	 However,	 because	 these	 different	
types	of	 interactions	 can	be	mediated	by	a	 single	behavioral	display,	or	 conversely,	




sociated	with	predation	risk,	but	 less	 is	known	regarding	the	use	of	this	behavior	 in	
social	interactions	with	conspecifics.	The	goal	of	this	study	was	to	determine	the	ex-
tent	to	which	tail	curling	display	behavior	is	used	to	mediate	both	social	and	predatory	
interactions	in	two	species,	Leiocephalus barahonensis and L. carinatus.	We	found	that	
in	lizards	of	both	species,	tail	curling	was	used	in	interactions	with	both	conspecifics	
and	potential	 (human)	predators.	However,	 tail	curl	 intensity	did	not	 	differ	between	
lizards	 involved	in	social	encounters	and	solitary	 lizards,	although	L.  barahonensis liz-
ards	performed	more	headbobs	during	 social	 than	non-	social	 	observations.	Further,	
L. carinatus	lizards	exhibited	greater	intensity	of	tail	curling	upon	fleeing	from	a	human	










































ards	 in	 the	 genus	 Anolis	 perform	 species-	specific	 combinations	 of	
pushups,	 headbobs,	 and	extensions	of	 a	 colorful	 throat	 fan	 called	a	
dewlap	 (Jenssen,	 1977).	 These	 displays	 are	 frequently	 used	 during	
courtship	and	territory	defense,	and	in	assertion	displays	that	adver-












lizard),	uses	 its	 tail	curl	display	to	deter	potential	predators	 (Cooper,	













(e.g.,	DeCourcy	&	Jenssen,	 1994;	Martins,	 1993).	Headbobbing	 and	
tail	curling	may	be	degenerate,	such	that	they	communicate	the	same	
message	 to	a	 receiver,	or	 the	 two	components	of	display	may	com-
municate	different	information,	but	these	possibilities	have	not	been	
studied.
In	 this	 study,	 we	 investigated	 the	 relationship	 between	 display	
behaviors,	 predator	 deterrence,	 and	 social	 interactions	 in	 two	 curly	
tail	 lizard	species,	Leiocephalus barahonensis	 (the	orange-	bellied	curly	
tail	 lizard)	 and	 L. carinatus. Leiocephalus barahonensis	 is	 endemic	 to	
the	island	of	Hispaniola,	while	L. carinatus	is	common	throughout	the	
Cayman	Islands,	Cuba,	and	the	Bahamas	and	has	been	introduced	to	
southern	 Florida	 (Schwartz	 &	 Henderson,	 1991).	 Both	 species	 are	
found	 primarily	 in	 xeric	 habitats	 and	 are	 territorial,	 terrestrial,	 sit-	
and-	wait	 foragers	whose	primary	known	predators	are	other	 lizards,	
snakes,	and	birds	(Crother,	1999;	Schwartz	&	Henderson,	1991).












end,	we	predicted	that	 lizard	tail	curl	 intensity	during	social	 interac-
tions	would	be	positively	correlated	with	headbob	rate.
2  | MATERIALS AND METHODS
2.1 | Field data collection
We	observed	the	behavior	of	L. barahonensis	in	Jul.	2006	in	the	south-
western	 Dominican	 Republic	 in	 the	 following	 localities:	 El	 Paraiso	





inatus	 in	 Jul.	 2013	 on	 Crooked	 Island,	 Bahamas	 on	 the	 grounds	 of	
the	Casuarinas	Villas	(22.8056,	-	74.3376),	a	private	beach	(22.8356,	
−74.3231),	 and	 a	 public	 beach	 (22.7744,	 −74.2027).	 All	 data	 were	
manually	recorded	in	field	notebooks.
Because	these	two	Leiocephalus	lizard	species	do	not	exhibit	sex-












ing	 through	 the	 study	 sites	 until	 finding	 an	 apparently	 undisturbed	














we	 recorded	 the	 time	 at	which	 it	 changed	 positions	 and	 the	 inten-











To	 assess	 tail	 curling	 behaviors	 in	 an	 antipredator	 context,	we	
conducted	 approach	 trials	 (L. barahonensis,	 n = 30; L. carinatus,	
n	=	40)	in	which	a	researcher	simulated	a	potential	predator,	follow-
ing	Cooper	 (2001).	 (A	 subset	 of	L. barahonensis	 individuals	 (n	=	20)	













Using	 focal	 observational	 data,	 we	 compared	 display	 behaviors	
between	 social	 and	 non-social	 observations,	 with	 separate	 inde-
pendent	 samples	 t	 tests	 for	 each	 species	 (with	 equal	 variances	 not	
assumed),	to	determine	whether	average	tail	curl	intensity	and	head-
bob	rate	(headbobs	per	min)	differed	across	contexts.	For	the	subset	
of	 L. barahonensis	 individuals	 that	were	 included	 in	 focal	 behavioral	
observations	 and	 predator	 simulations	 (n	=	20),	we	 compared	 aver-
age	tail	curl	intensity	during	observations	to	max	flight	curl	from	the	
predator	approach	simulations,	using	a	paired	sample	t	test.	Because	
the L. carinatus	 lizards	used	in	focal	observations	were	not	the	same	
as	those	used	in	predator	simulation	trials,	we	compared	average	tail	
curl	 intensity	 during	 observations	 to	 max	 flight	 curl	 from	 predator	
approach	simulations	using	an	independent	samples	t	test.	Finally,	we	





All	 procedures	 were	 approved	 by	 the	 Washington	 University	
Institutional	Animal	Care	 and	Use	Committee	 (2006),	 or	 the	Trinity	
University	 Animal	 Research	 Committee	 (2013).	 This	 research	 was	
approved	 by	 the	 Bahamas	 Environment,	 Science	 &	 Technology	
Commission	(Bahamas)	and	Ministerio	de	Medio	Ambiente	y	Recursos	
Naturales	(Dominican	Republic).




behavioral	observations.	 In	both	L. barahonensis and L. carinatus,	 the	
average	tail	curl	intensity	did	not	differ	between	social	and	non-	social	
focal	 observations	 (L. barahonensis: t19.29	=	−1.18,	 n	=	23,	 p = .25; 
L. carinatus: t31.95	=	−0.32,	n	=	34,	p	=	.75;	Figure	2).	In	L. barahonensis,	




All	 individuals	 exhibited	 tail	 curling	upon	 fleeing	 from	 the	 simu-
lated	predator.	In	L. barahonensis,	individuals	did	not	differ	in	tail	curl-
ing	 intensity	when	 fleeing	 and	 during	 social	 interactions	 during	 the	




In	predator	 simulation	 trials	 for	L. carinatus,	we	 found	a	positive	
correlation	(r	=	.42,	n	=	39,	p	=	.008)	between	max	flight	curl	and	dis-
tance	fled,	indicating	that	individuals	that	curled	their	tail	more	tightly	








tail	 curl	 intensity	 during	 social	 interactions	 (L. barahonensis: n	=	10,	
r	=	.28,	p	=	.47;	L. carinatus: n	=	15,	r	=	−.19,	p	=	.50)	or	 in	non-	social	
observations	 (L. barahonensis: n	=	13,	 r	=	−0.05,	 p	=	.86;	 L. carinatus: 
n	=	19,	r	=	−.38,	p	=	.11).
4  | DISCUSSION
The	 tail	 curling	 display	 of	 Leiocephalus	 lizards,	 as	 a	 display	 thought	
to	 function	 in	 both	 intraspecific	 and	 interspecific	 communication	
(Cooper,	2001),	provides	us	with	the	opportunity	to	disentangle	the	
varied	 functions	of	a	display	 in	a	complex	environment.	Our	 results	
confirmed	 that	L. barahonensis and L. carinatus	 lizards	curl	 their	 tails	
with	high	frequency	and	intensity	across	multiple	contexts.	Indeed,	all	
lizards	in	predator	simulation	trials	curled	their	tails,	and	during	each	








they	would	when	 alone.	Yet,	 consistent	with	 the	 results	 of	 Cooper	
(2001),	who	 conducted	 observations	 on	 seven	 L. carinatus individu-
als,	we	found	that	lizards	in	social	and	non-	social	observations	in	this	
study	did	not	differ	 in	average	tail	curl	 intensity	 (Figure	2).	 It	 is	pos-
sible	 that	 during	 the	 observations	we	designated	 as	 non-	social,	 the	





in L. barahonensis,	 lizards	performed	more	frequent	headbobs	during	
social	interactions	than	during	non-social	observations,	and	while	the	
difference	 between	 social	 and	 non-social	 headbobs	was	 nonsignifi-















and	non-	social	(gray)	L. barahonensis and L. carinatus	during	focal	
observations.	Sample	sizes	are	listed	above	each	column
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If	the	primary	use	of	the	Leiocephalus	tail	curl	display	is	antipreda-
tory	(Cooper,	2001,	2007),	functioning	either	for	predator	deterrence	
or	 deflection	 (Telemeco	et	al.,	 2011),	we	would	predict	 that	 the	 tail	
curl	intensity	would	be	greatest	during	predator	simulation	trials.	Our	
results	were	consistent	with	this	prediction	for	L. carinatus; when an 
individual	was	approached	directly	by	a	human	predator,	 tail	 curling	
was	stronger	than	when	an	undisturbed	 individual	 interacted	with	a	
conspecific	 (Figure	2).	 Further,	 tail	 curl	 intensity	was	 positively	 cor-
related	with	distance	 fled	 in	 this	 species,	 supporting	 the	hypothesis	
that L. carinatus	lizards	perform	enhanced	tail	curl	displays	when	they	




of	 the	 lizards’	environment	 in	ways	that	were	not	directly	measured	
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